Study design: Cost-effectiveness analysis following international guidelines and taking the societal viewpoint. Objectives: To estimate the cost-effectiveness of transanal irrigation using a self-administered irrigation system when compared with conservative bowel management. Setting: A randomized clinical trial was conducted at five spinal centres situated in Denmark, Germany, Italy, United Kingdom and Sweden. Estimates of resources and unit costs were made for the German health care system. Methods: Efficacy outcomes were drawn from a randomized controlled trial conducted in [2003][2004][2005]. Adult spinal cord-injured patients with neurogenic bowel dysfunction were randomized to 10 weeks with either transanal irrigation using Peristeen Anal Irrigation or to conservative bowel management. Costs were calculated based on results from the clinical trial and on 24 interviews conducted in Germany. Unit costs were obtained from the Federal Statistical Office Germany and product list prices. Results: When comparing outcome measures at termination, transanal irrigation significantly reduced symptoms of neurogenic bowel dysfunction. Product-related costs were higher for transanal irrigation using the self-administered system; however, costs for a carer to help with bowel management and changes/washing due to leakage were lower. For transanal irrigation, costs associated with urinary tract infections and patient time spent were reduced. Thus, the total cost to society is lower when patients use transanal irrigation. The results were shown to be robust in the sensitivity analysis. Conclusion: Transanal irrigation using a self-administered system reduces symptoms of neurogenic bowel dysfunction and results in a lower total cost to society than conservative bowel management. Sponsorship: The study was supported by Coloplast A/S.
Introduction
Bowel dysfunction caused by spinal cord injury has a major impact on the patient's quality of life because of constipation, fecal incontinence, the extended time spent on defecation and the social restrictions that bowel dysfunction imposes on the patient. 1, 2 Neurogenic bowel dysfunction affects around 80% of all spinal cord injured patients to some degree, 3 making it a condition affecting an estimated number of 250 000 in Europe and another 250 000 in the United States of America. 4, 5 Current management of neurogenic bowel dysfunction is largely empirical with limited evidence base. 6 An acceptable solution has been sought for each patient on an individual basis using combinations of digital stimulation, manual evacuation, laxatives and suppositories as well as adjusting activity level, fluid intake and diet. 7, 8 Thus, the current economic burden of bowel management in spinal cord injured patients remains to be established. Transanal irrigation is a procedure that has been used for thousands of years, and has only of late been introduced for managing neurogenic bowel dysfunction. 9 A recent randomized controlled trial of transanal irrigation versus conservative bowel management showed that transanal irrigation was the most efficient health technology for improving constipation, fecal incontinence and symptomrelated quality of life in adult spinal cord injury patients. 10 The study used a new product that enables independent transanal irrigation for patients with limited dexterity, thus promoting their independence in addition to alleviating symptoms of neurogenic bowel dysfunction. Assessing the cost-effectiveness of new interventions is of major importance in policy decisions. We estimated the costeffectiveness of transanal irrigation using data from the clinical trial as well as reliable estimates of the use of relevant resources and of unit costs appropriate to the German health care system.
Materials and methods

Health economic analysis
The present study is a cost-effectiveness analysis of transanal irrigation using a self-administered irrigation system when compared with conservative bowel management. The analysis follows international guidelines for cost-effectiveness analyses and takes the societal viewpoint as recommended by health economists.
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Outcome measurement
The efficacy outcomes were drawn from a randomized controlled trial conducted in five European countries in [2003] [2004] [2005] . 10 Adult spinal cord injured patients with neurogenic bowel dysfunction were randomized to 10 weeks with either transanal irrigation using Peristeen Anal Irrigation or 10 weeks with conservative bowel management. 8 Inclusion criteria were: Aged 18 or above with a spinal cord injury at any level at least 3 months from injury and one or more of the following symptoms: spending half an hour or more attempting to defecate each or every other day, episodes of fecal incontinence once or more per month, symptoms of autonomic dysreflexia before or during defecation, abdominal discomfort before or during defecation. Patients were excluded if there was evidence of other bowel disease or neurological disease. A power calculation estimated the effect size of the study to be 80 patients. Peristeen Anal Irrigation (Coloplast A/S, Humlebaek, Denmark) is an integrated irrigation system consisting of a coated rectal balloon catheter, a control unit with a manual pump and a water container. The system is specially designed to enable self-administered transanal irrigation for immobilized patients and patients with poor dexterity. Conservative bowel management was defined as 'best supportive bowel care without irrigation' and followed the guidelines published by the Spinal Cord Medicine Consortium. 8 A specialist nurse carried out training of patients in transanal irrigation or reeducation in conservative bowel management in hospital or on an outpatient basis. Patients were encouraged to contact the specialist nurse for advice, especially at the initiation of training. The design and methods used for measuring efficacy outcomes is fully described elsewhere. 10 A summary of baseline characteristics is presented in Table 1 . Outcome variables for efficacy were measured at baseline and after 10 weeks of treatment. The primary end points of the study were the St Mark's fecal incontinence score 12 and the Cleveland Clinic constipation scoring system. 13 The neurogenic bowel dysfunction score, which is a symptombased score developed specifically for spinal cord-injured patients and takes into account the symptoms' impact on quality of life 14 was added as a secondary end point data was
analysed by intention-to-treat using baseline values for missing outcome values at 10 weeks, thus assuming no effect of treatment and giving a conservative estimate of effect.
Cost measurement
Costs were calculated based on data collected in the randomized clinical trial used for outcome measurement, Cost-effectiveness of transanal irrigation P Christensen et al disposables. The costs have been calculated for a 2-day period, corresponding to the average time between bowel management procedures and the cost variables used are specified in Table 2 .
Uncertainty
The robustness of the cost-effectiveness analysis was tested in a one-way analysis. 11 We systematically varied key parameters one at a time to investigate the sensitivity of the overall result to changes in these variables. Furthermore, we investigated the sensitivity of the results when assumptions were made regarding adverse events.
Results
Efficacy outcome
Of the 124 eligible patients, 87 patients were included and randomly assigned to the two treatment groups, 45 patients to conservative bowel management and 42 patients to transanal irrigation ( Figure 1 ). The efficacy outcomes of the two bowel management methods are shown in Figure 2 . When comparing outcome measures at termination, statistically significant results in favour of transanal irrigation were found for all three scoring systems. Conservative bowel management resulted in a slight improvement in fecal incontinence symptoms, whereas symptoms of constipation and neurogenic bowel dysfunction were slightly worse after 10 weeks. Transanal irrigation resulted in an improvement of symptoms for all three scoring systems.
Costs
The calculated costs for the two bowel management methods are presented in Table 3 . Although product-related costs are higher for transanal irrigation using the selfadministered system, costs for a carer to help with bowel management and changes/washing due to leakage are lower for transanal irrigation. Furthermore, costs associated with urinary tract infections are reduced when bowel management is transanal irrigation. Because patient time spent on bowel management is also reduced, the patient's indirect expenditure is lower for transanal irrigation. Thus, the total cost to society is lower when patients use transanal irrigation instead of conservative bowel management.
Sensitivity analysis
The three most decisive parameters for the overall result were carer time for bowel management, price of the system for transanal irrigation and the patient time spent on bowel management. By varying the average carer time spent on bowel management with transanal irrigation, the effect of Cost-effectiveness of transanal irrigation P Christensen et al this variable on the overall result was analysed. Carer time could be increased up to 26% before influencing the overall result. Furthermore the price of the system for self-administered transanal irrigation could be increased up to 12% without tipping the balance. Similarly, it was possible to increase patient time spent on bowel management with transanal irrigation with up to 10% before altering the result that transanal irrigation is cheaper than conservative bowel management from a societal perspective. In the clinical study, 10 two patients managed with transanal irrigation were hospitalized because of severe abdominal pain caused by constipation. The sensitivity analysis showed that 2.5 events should occur before altering the overall result, under the assumption that the treatment consisted of two hospital days for disimpaction of constipated stool at a cost of 452 Euro per hospital day.
Discussion
The selection of an appropriate management method for neurogenic bowel dysfunction has only been based on clinical evidence to a limited extent, because of the lack of high quality studies comparing different management methods. The economic consequences of choosing a specific method have been even less studied. This study aimed to investigate the cost-effectiveness of transanal irrigation using a self-administered system when compared with conservative bowel management using data from a randomized controlled trial. Transanal irrigation was more effective in reducing symptoms of constipation and fecal incontinence in spinal cord injured individuals. In addition, from a societal perspective transanal irrigation was cheaper than conservative bowel management. In economic terms, this is a dominant situation, where one management method is both cheaper and more effective than the alternative. The results obtained in this study were shown to be robust in the sensitivity analysis, where even relatively large changes to the parameters of time spent on bowel management and price of the irrigation system did not alter the overall conclusions of the cost analysis.
The economic analysis is limited by the fact that outcome measures were obtained from a study not specifically designed for the purpose of an economic analysis. We included both the primary and secondary outcomes from the study in our analysis because the data for all the parameters was collected systematically, and thus the number of observations minimized the risk of introducing large uncertainties to the calculations. By analogy, we chose not to include the observed adverse events because of the very limited number of observations. However, a sensitivity analysis including assumptions about occurrence of the adverse events observed in the clinical study 10 showed that a 25% increase when compared with the clinical study was allowed before changing the outcome of the analysis. Although the cost saving by using the self-administered transanal irrigation system for bowel management appears rather modest, the implications for society as a whole are more far-reaching when one considers a longer time frame and the number of patients who need a method to manage their neurogenic bowel dysfunction. With an assumption that 20% of patients who suffer from neurogenic bowel dysfunction could benefit from using transanal irrigation, the savings for society in Europe would be approximately 7.2 million Euros per year. If one were to adopt a narrower health care perspective for the analysis, that is, look at cost-effectiveness from the payer's viewpoint, the patient's indirect expenditure would not be included in the sum of costs. Owing to higher costs for products, transanal irrigation would appear to be more expensive, and the relevant question is whether the extra health improvement obtained is worth the extra resources used. To make this 'extrawelfarist' assessment of costeffectiveness correctly, however, the clinical study used for outcome measures has some limitations. Although validated scales have been used for measuring symptoms and quality of life, the scales are ordinal scales and cannot be translated directly into quality-adjusted life years, which are normally used in cost-effectiveness analyses to measure all healthrelated quality of life gains. Nevertheless, the study shows a significant reduction in symptoms of constipation and fecal incontinence and it is well-documented that constipation and fecal incontinence are socially debilitating and that any improvement in these symptoms has a great impact on the patient's quality of life. 15 Furthermore, the reduction of time spent on bowel management for the patients as well as their increased independence from carers also contribute to a higher quality of life for these patients. We therefore assume that the reported increase in quality of life for patients using transanal irrigation 9,10 would compensate for the increased product costs of the method and thus result in a higher costeffectiveness for transanal irrigation. However, this would have to be confirmed in future studies. Another limitation of this study is the short time perspective in terms of the outcome measurements. As a result, the costs have been calculated for a 2-day period, corresponding to the average time between bowel management procedures. If, on the other hand, the costs were calculated for a longer period of time, such as a year or a patient lifetime, the outcome measurements would also have to be done for longer than 10 weeks. This might in turn influence the overall result.
One scenario is that the long-term efficacy of transanal irrigation and the incidence of adverse events may differ from the ones reported here. However, transanal irrigation has been used for long-term management, and the success rate over time appears to stay high. 16 Another scenario is that outcomes measured in this study may impact on other outcomes that are seen during the lifetime of a patient. An example could be urinary tract infections. The randomized trial comparing transanal irrigation to conservative bowel management showed a lower incidence of urinary tract infections for patients using transanal irrigation. 10 In the long-term this might save patients from the more serious complications of urinary tract infections that occur in the spinal cord injured population, 17 and thus result in additional health care cost savings by saving hospital days and treatment expenses. Other benefits of transanal irrigation are much harder to value. In this study, we have taken into account the gained working days for patients by less time spent on bowel management procedures. However, we have not investigated how the lifted social restrictions and increased self-esteem and independence may actually be the crucial factor that enables a person to hold a job. What this means to the individual is practically impossible to put a price on.
Conclusion
This cost-effectiveness study of transanal irrigation when compared with conservative bowel management showed that transanal irrigation using a self-administered system reduces symptoms of neurogenic bowel dysfunction. Product-related costs were higher for transanal irrigation; however, costs of carer help, cost for treatment of urinary tract infections and loss of patient productivity were lower for transanal irrigation. This results in a lower total cost to society for transanal irrigation using a self-administered system. Thus, transanal irrigation is both cheaper and more effective than conservative bowel management.
